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(54) Communication method, transmitter, receiver, and cellular radio communication system 



(57) This invention relates to a communication 
method, and a processing in accordance with the prior- 
ity can be performed with a simple configuration even in 
the case of the comnnunication of the multi-carrier 
method. 

The subK^arriers on which high priority data is 
superimposed and the sub-carriers on which low priority 
data is superimposed are positioned alternately to be 
transmitted (40). At the receiving side (60), the recep- 
tion symbol stream that symtx>ls are lined on the fre- 
quency axis is obtained by performing a predetermined 
reception processing. A delayed symbol stream that the 



reception symbol stream is delayed (65)for a predeter- 
mined time is added (66) to the reception symbol 
stream to extract the signal components relating to the 
high priority data, so that the high priority data is 
decoded. Thus, the high priority data can be decoded 
promptly with a simple configuration, and a processing 
in accordance with the priority can be performed with a 
simple configuration even if the high priority data and 
the low priority data are transmitted at the same time by 
the multi-carrier method. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

This invention relates to a communication method, 
a transmitter, a receiver, and a cellular radio communi- 
cation system, and more particularly, is applicable to a 
portable telephone system. 

DESCRIPTION OF THE RELATED ART 

Conventionally, in the field of radio communication, 
a combination of high priority data and low priority data 
is generally transmitted. Such a typical digital radio 
communication system that a combination of high prior- 
ity data and low priority data is transmitted will be 
explained below. In the following explanation, one frame 
of transmission data is composed of the high priority 
data and the low priority data, and the transmission data 
for one frame is transmitted by one transmission slot. 
Note that frame means data units in the processing of 
digital data, and slot means data units in the transmit- 
ting of digital data. 

In this radio comnnunication system, two types of 
information are transmitted by one frame as shown in 
Fig. 1 , so as to divide one frame into a high priority field 
and a low priority field. The high priority data is stored in 
the high priority field and the low priority data is stored 
in the low priority field. In this case, not only information 
bits of the data are to be stored, but also error detection 
and correction bits are stored in each field. Thereby, the 
receiving side can detect and correct errors of the 
received information bits by using the error detection 
and correction bits. 

In addition, the error detection and correction bits 
having superior ability to detect and correct errors are 
generally added to the high priority data, and the error 
detection and correction bits having a comparatively 
inferior ability to detect and correct errors are added to 
the low priority data. For this reason, the error detection 
and connection bits added to the high priority data tend 
to be longer in its size. 

Here, Fig. 2 shows a transmitter for actually trans- 
mitting a frame having such structure. As shown in Fig. 
2, in the transmitter 1, a bit stream DH1 composed of 
the high priority data is firstly input to a first error correc- 
tion bit adding circuit 2, and a bit stream DL1 composed 
of the low priority data is input to a second error correc- 
tion bit adding circuit 3. 

The first error correction bit adding circuit 2 calcu- 
lates the error detection and correction bits based on 
the input bit stream DH1 and adds ttiese enror detection 
and correction bits to the bit sfream DH1 so as to gener- 
ate a bit stream D1 which is stored in the aforesaid high 
priority field. The bit stream D1 is output to a frame gen- 
eration circuit 4 at the subsequent stage. In connection. 



in the first error correction bit adding circuit 2, the enror 
detection and confection bits having superior ability to 
detect and correct errors are calculated and added. 

While, tiie second error correction bit adding circuit 
3 calculates the error detection and connection bits 
based on the input bit stream DL1 and adds these error 
detection and correction bits to the bit stream DL1 so as 
to generate a bit stream D2 which is stored in the afore- 
said low priority field. The bit stream D2 is output to a 
frame generation circuit 4 at the subsequent stage. In 
connection, in the second error correction bit adding cir- 
cuit 3, the error detection and correction bits, which 
have inferior ability to detect and correct errors to the 
first error correction bit adding circuit 2. are calculated 
and added. 

As shown in Fig. 2, the frame generation circuit 4 
adds the bit stream D2 to the end of the bit stream D1 to 
generate transmission data stream D3 for one frame, 
which is output to a modulation circuit 5. The modulation 
circuit 5 modulates the transmission data stream D3 to 
generate transmission symtx)l stream D4. which is out- 
put to a transmission circuit 6. After performing the filter- 
ing processing on the transmission symtx>l stream D4, 
the transmission circuit 6 performs the digital-to-analog 
conversion processing to generate a transmission sig- 
nal, and then performs the frequency conversion 
processing on the transmission signal to generate a 
transmission signal S1. This transmission signal S1 is 
transmitted via an antenna 7. so that the transmitter 1 
fransmits a combined data of tiie high priority data and 
the low priority data. 

On the other hand, as shown in Fig. 3, in a receiver 
10, the transmission signal S1 transmitted from the 
fransmitter 1 is received at an antenna 1 1 , and is input 
to a reception circuit 12 as a reception signal S2. The 
reception circuit 12. after performing the filtering 
processing on the reception signal S2, performs the fre- 
quency conversion processing on the reception signal 
S2 to take out a baseband signal, and performs the ana- 
log-to-digital conversion processing on the baset>and 
signal to take out a reception symbol sfream D5. 

The demodulation drcuit 13 performs a predeter- 
mined demodulating processing on the reception sym- 
bol stream D5 taken out by the reception circuit 12 to 
decode a reception data stream D8 (the reception data 
stream D6 is not completely equal to the transmission 
data sfream D3, and includes data error received 
tiirough transmission), which is output to a field division 
circuit 14. The field division circuit 14 divides the 
decoded reception data stream D6 into a bit stream D7 
of the high priority f iekl and a bit stream D8 of the low 
priority field, and outputs these bit streams D7 and D8 
respectively to a first error detection and correction cir- 
cuit 15 and a second error detection and correction cir- 
cuit 16. 

The first error detection arxJ correction circuit 15 
detects data errors irx;luded in the received information 
bits based on the error detection and correction bits 
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included in the bit stream D7 and corrects the data 
errors, so that the transmitted information bits are 
decoded, and output as a bit stream DH2 of the high pri- 
ority data. In the same way, the second error detection 
and correction circuit 16 detects data errors included in 
the received Information bits based on the error detec- 
tion and correction bits included in the bit stream D8 and 
corrects the data errors, so that the transmitted informa- 
tion bits are decoded, and output as a bit stream DL2 of 
the low priority data. By this processing, in the receiver 
10, the high priority data and the low priority data are 
respectively decoded from the reception signal S2. 

Transmitting a combination of the high priority data 
and the low priority data is also performed by the cellu- 
lar radio communication system such as a portable tel- 
ephone system. This point will be concretely explained 
below with an example of a portable telephone system. 

Generally, in a portable telephone system, the area 
where communication service is provided is divided into 
cells of desired size, and a base station as a fixed radio 
station is positioned in each cell. A portable telephone 
device as a mobile radio station radio-communicates 
with the base station in the cell where the device exists, 
and so-called cellular radio communication system is 
constructed. 

In such a portable telephone system, when a call- 
ing is made by a portable telephone device for example, 
the call processing is performed by the procedure 
explained below. The portable tele|:>hone device firstly 
transmits control data composed of preamble data and 
message data to a base station using a control channel 
cabled a random access channel (RACH). The base 
station monitors the random access channel arKi 
detects the existence of the preamble data to detect 
whether there is a message from the portaNe telephone 
device or not. When the preamble data is detected, the 
base station judges that there is a message from the 
portable telephone device, detects the following mes- 
sage data, and analyzes the contents of the message 
data. If the content of the message data is a call 
request, the base station determines a demesne control 
channel (DCCH) to be used for communication with the 
portatHe telephone device, and informs of this channel 
number to the portable telephone device via an answer 
governing channel (AGCH). A predetermined control 
processing is executed between the portable telephone 
device and the base station via the informed occupa- 
tional control channel, so that a call processing from the 
portable telephone device is realized. 

In the call processing, the control data initially sent 
from the portable telephone device is composed of pre- 
annble data and message data, as described above. In 
this case, the preamble data represents the existence of 
a message data. The base station side firstly detects 
the existence of the preamble data to detect whether a 
message data exists or not. Accordingly, in case that the 
base station side prioritizes the data based on the 
detection order, the preamble data has the highest pri- 



ority and the message data showing the contents of a 
concrete request has lower priority than that of the pre- 
amble data 

Now, in the normal portable telephone system of 

5 the frequency division multiple access (FDMA) method 
or the time division multiple access (TDMA) method, to 
detect the preamble data corresponding to the high pri- 
ority data, the preamble data is actually decoded not by 
decoding but by measuring electric power of the ran- 

10 dom access channel. On the contrary, in the portable 
telephone system of the code division multiple access 
(CDMA) method which is not based on the physical divi- 
sion by such as frequency or time but based on the divi- 
sion by the difference of spread codes, other signals are 

15 intermingled on the band. Thereby, simple measure- 
ment of electric power can not detect the preamble 
data, and the preamble data is resuttantly decoded so 
as to detect the preamble data. 

Here, this point will be described below with a con- 

20 aete example. Note that control data is also generated 
in one frame in this case, and the control data is trans- 
mitted by one transmission slot. 

As shown in Fig. 4, as for the data structure for one 
frame, the preamble field is generated in the first half of 

25 the frame and the information field is in the latter half. In 
this case, a preamble data is stored in the preamble 
field, and information bits forming a message data artd 
error detection and correction bits of the information bits 
are stored in the information field. 

30 Here. Fig. 5 shows a transmitter for actually trans- 
mitting control data of such a data structure. As shown 
in Fig. 5, in the transmitter 20, a bit stream DPI of pre- 
amble data is firstly input to a frame generation circuit 
21 , and a bit stream DM1 of message data Is input to an 

35 error correction bit adding circuit 22. 

The error correction bit adding circuit 22 calculates 
en-or detection and correction bits based on the input bit 
stream DM1, and adds them to the bit stream DM1 so 
as to generate a bit stream D11 to be stored in the 

40 aforesaid information field. The bit stream D1 1 is output 
to the frame generation circuit 21 . The frame generation 
circuit 21 adds the bit stream D1 1 to the end of the bit 
stream DPI of the preamble data as shown in Fig. 4 so 
as to generate a transmission data stream D12 for one 

45 frame, which is output to a nxxiulation circuit 23. 

The modulation circuit 23 performs a predeter- 
mined modulation processing on the transmission data 
stream D12 to generate a transmission symbol stream 
D13. which is output to a transmission circuit 24. After 

50 multiplying the transmission symbol stream D13 by a 
desired spread code and performing the filtering 
processing, the transmission circuit 24 performs the dig- 
ital-to-analog conversion processing to generate a 
transmission signal. The transmission circuit 24 then 

55 performs the frequency conversion processing on the 
transmission signal to generate transmission signal S10 
of a predetermined band. The transmission signal S10 
okstained in this way is transmitted via an antenna 25, so 
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that the transmitter 20 transmits the control data com- 
posed of preamble data and message data. 

On the other hand, in a receiver 30, the transmis- 
sion signal S10 transmitted from the transmitter 20 is 
received at an antenna 31 . and is input to a reception 
circuit 32 as a reception signal S11 , as shown in Fig. 6. 
After performing the filtering processing on the recep- 
tion signal S11 . the reception circuit 32 performs the fre- 
quency conversion processing on the reception signal 
S1 1 to take out a baseband signal, and performs the 
analog-to-digital conversion processing on the base- 
band signal to take out a reception symbol stream D14. 

The demodulation circuit 33 performs a predeter- 
mined demodulation processing on the reception sym- 
bol stream D14 taken out by the reception circuit 32 to 
decode a reception data stream D1 5 (the reception data 
stream D15 is not completely equal to the transmission 
data stream D12, and includes data errors received 
through transmission), which is output to a field division 
circuit 34. 

The field division circuit 34 divides the decoded 
reception data stream D 15 into a bit stream D16 of pre- 
avrb\e field and a bit stream D17 of information field, 
which are output to a preamble detection circuit 35 and 
an error detection and correction circuit 36 respectively. 
In connection, the field division circuit 34 divides the 
field by the time division method. More spedficatly. as 
shown in Fig. 4. the preamble field is temporally earlier 
than the information field, so that the field is divided by 
using this timing. 

The preamble detection circuit 35 judges whether 
the bit stream D16 is a preamble data or not. If it is pre- 
amble data, the preamble detection circuit 35 outputs a 
control signal SI 2 to the error detection and correction 
circuit 36. The error detection and correction circuit 36 
starts the en^or detection and correction processing to 
detect data errors included in the information bits of the 
received message data based on the error detection 
and correction bits included in the input bit stream D17, 
and corrects the data errors. As a result, if the informa- 
tion bits of the message data are correctly decoded, the 
error detection and correction circuit 36 outputs a bit 
stream DM2 of message data to a control circuit (not 
shown) for controlling communication sequence, etc. 
This allows the control circuit to recognize the reception 
of message data and control the communication 
sequence in accordance with the message data. 

In connection, it has been described that the field is 
divided by the field division circuit 34. However, there is 
also another case where the preamble data at the head 
of the reception data D15 are simply detected without 
the field division for separating data, and if the preamble 
data is detected as a result, the error correction 
processing of next message data is performed. 

In the conventional communication method, when 
transmitting a combination of a high priority data and a 
low priority data, although each data is processed indi- 
vidually, a processing of the same level is performed just 



separately without reflecting the priority. 

In addition, in the conventional communication 
method, when transmitting control data using the ran- 
dom access channel for example, a preamble data is 

5 detected to confirm the existence of message data. This 
processing has been able to realize easily since the pre- 
amble data and the message data are divided in the 
time direction. However, in communication of the multi- 
carrier method in which data to be transmitted are trans- 

10 mttted at the same time using a plurality of carriers, 
there is a problem that such processing in time direction 
can not be performed since the preamble data and the 
message data are not divided in time direction. 

Accordingly, in the case where a control data com- 

15 posed of a preamble data and a message data are 
transmitted by the multi-canier method communication, 
it can be generally considered that the signal compo- 
nents of the preamble data and the signal components 
of the message data are extracted by dividing them in 

20 frequency direction at the receiving side, so that the 
respective data are decoded. However, this method 
needs a high-precision filter for dividing the signal com- 
ponents of the preamble data and the signal compo- 
nents of the message data, so that the configuration of 

25 the device at the receiving side tends to be complicated. 

SUMMARY OF THE INVENTION 

In the view of the foregoing, an object of this inven- 

30 tion is to provide a communication method in which the 
processing in accordance with the priority can be per- 
formed with a simple configuration even if the high prior- 
ity data and the low priority data are transmitted at the 
same time by the multi-carrier method, and a transmit- 

35 ter, a receiver and a cellular radio communication sys- 
tem which use the communication method. 

The foregoing object and other objects of the inven- 
tion have been achieved by the provision of a communi- 
cation method for transmitting a high priority data ar>d a 

40 low priority data at the same time using a plurality of 
sub-carriers. In the communication method, a transmis- 
sion signal in which the sub-carriers having the high pri- 
ority data superimposed and the sub-carriers having the 
low priority data superirrposed are positioned alter- 

45 nately is transmitted. At the receiving side, a predeter- 
mined reception processing is performed on the 
transmission signal to obtain reception symbol stream 
being the alignment of symbols on the frequency axis, 
and the signal components of the high priority data is 

50 extracted by adding the delayed symfcx)l stream which is 
the reception symbol stream delayed for a predeter- 
mined time to the reception symbol stream, so that the 
high priority data is decoded. The Fourier transform 
processing is performed on the reception symbol 

55 stream to obtain a symtx)l stream being the alignment of 
symbols on the time axis, and the symbols of the low 
priority data is extracted from the symtx)l stream so that 
the low priority data is decoded. 
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Further, according to this invention, a transmitter for 
transmitting a high priority data and a tow priority data at 
the same time using a plurality of sub-carriers is pro- 
vided with transmitting means for transmitting transmis- 
sion signal in which the sub-carriers having the high 
priority data superimposed and the sub-carriers having 
the low priority data superimposed are positioned alter- 
nately 

Further, according to this invention, a receiver for 
receiving a transmission signal transmitted from a trans- 
mitter which transmits a high priority data and a low pri- 
ority data at the same time using a plurality of sub- 
carriers is provided with: receiving means for obtaining 
a reception symbol stream being the alignment of sym- 
bols on the frequency axis by performing a predeter- 
mined reception processing on the transmission signal 
in which the sub-carriers having the high priority data 
superimposed and the sub-carriers having the low prior- 
ity data superimposed are positioned alternately; first 
demodulating means for extracting the signal compo- 
nents of the high priority data by adding the delayed 
symbol stream which is the reception synr±>ol stream 
delayed for a predetermined time to the reception sym- 
bol stream so that the high priority data is decoded; and 
second demodulating means for performing the Fourier 
transform processing on the reception symbol stream to 
obtain symbol stream being the alignment of symbols 
on the time axis, and for extracting the symbols of the 
low priority data from the symbol stream so that the low 
priority data is decoded. 

Further, according to this invention, in a cellular 
radio communication system in which a predetermined 
area is divided into cells of desired size, a base station 
is provided for each cell, and a mobile station radio- 
communicates with the base station in the cell where 
the mobile station exists, the mobile station transmits a 
transmission signal, which has the sub-carriers on 
which a message data is superimposed and the sub- 
carriers on which a preamble data representing the 
existence and attribute of the message data is superim- 
posed are positioned alternately, through a random 
access channel. The base station performs a predeter- 
mined reception processing on the transmission signal 
to obtain a reception symbol stream being the alignment 
of symtx)l5 on the frequerxiy axis, and extracts the sig- 
nal components of the preamble data by adding the 
delayed symlx)l stream which is the reception symbol 
stream delayed for a predetermined time to the recep- 
tion symbol stream so that the preamble data is 
detected based on the signal component. After the 
existence and attribute of the message data are con- 
firmed by the detection of the preamble data, the Fou- 
rier transform processing is performed on the reception 
symbol stream to obtain a symbol stream being the 
alignment of symbols on the time axis, and the symbols 
of the message data are extracted from the symbol 
stream so that the message data is decoded. 

Further, according to this invention, in a cellular 



radio communication system in whidi a predetermined 
area is divided into celts of desired size, a base station 
is provided for each cell, and a mobile station radio- 
communicates with the base station in the cell where 

5 the mobile station exists, the base station transmits a 
transmission signal, which has the sub-carriers on 
which a message data is superimposed and the sub- 
carriers on which a preamt>le data representing the 
existence and attribute of the message data is superim- 

10 posed are positioned alternately, through a random 
access channel The mobile station performs a prede- 
termined reception processing on the transmission sig- 
nal to obtain a reception synntx)! stream being the 
alignment of symbols on the frequency axis, and 

75 extracts the signal components of the preamtJe data by 
adding the delayed symbol stream which is the recep- 
tion symbol stream delayed for a predetermined time to 
the reception symbol stream so that the preamble data 
is detected based on the signal component. After the 

20 existence and attribute of the message data are con- 
firmed by the detection of the preamble data, the Fou- 
rier transform processing is performed on the reception 
symbol stream to obtain a symbol stream being the 
alignment of symbols on the time axis, and the synrt»ols 

25 of the message data are extracted from the symbol 
stream so that the message data is decoded. 

In this way, the sub-carriers on which a high priority 
data is superimposed and the sub-carriers on which a 
low priority data is superimposed are positioned alter- 
so nately to be transmitted. At the receiving side, a recep- 
tion symbol stream being the alignment of symbols on 
the frequency axis is obtained by a predetermined 
reception processing, and the signal components of the 
high priority data are extracted by adding the delayed 

35 symbol stream which is the reception symbol stream 
delayed for a predetermined time to the reception sym- 
bol stream, so that the high priority data is decoded. 
Thereby, the high priority data can be decoded 
promptly, and even if the high priority data arxJ the low 

40 priority data are transmitted at the same time by the 
multi-carrier method, a processing according to the pri- 
ority can be performed with a simple configuration. 

Similarly, in a cellular radio communication system, 
the sub-carriers on which a message data is superim- 

45 posed and the sub-can^iers on which a preamble data 
representing the existence and attribute of the message 
data is superimposed are positioned alternately to be 
transmitted. At the receiving side, a reception symbol 
stream bang the alignment of symbols on the frequency 

50 axis is obtained by a predetermined reception process- 
ing, and the signal components of the preamble data 
are extracted by adding the delayed symtxsl stream 
which is the reception symbol stream delayed for a pre- 
determined time to the reception symbol stream, so that 

55 the preamble data is detected based on the signal com- 
ponents. After the existence and attribute of the mes- 
sage data are confirmed by the detection of the 
preamble data, the Fourier transform a processing is 
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performed on the reception symbol stream to obtain a 
symbol stream being the alignment of symbols on the 
time axis, and the symbols of the message data are 
extracted from the symbol stream, so that the message 
data is decoded. Thereby, the preamk>le data can be 
detected promptly with a simple configuration, and even 
if the preamble data and the message data are transmit- 
ted at the same time by the multi -carrier method, a 
processing according to the priority can be performed 
with a simple configuration. 

The nature, principle and utility of the invention will 
become more apparent from the following detailed 
description when red in conjunction with the accompa- 
nying drawings in which tike parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a schematic diagram showing the frame 
structure of a conventional communication system: 
Fig. 2 is a block diagram showing the transmitter of 
the conventional communication system; 
Fig. 3 is a block diagram showing the receiver of the 
conventional communication system; 
Fig. 4 is a schematic diagram showing the frame 
structure when transmitting control data in the con- 
ventional portable telephone system; 
Fig. 5 is a block diagram showing the configuration 
of the conventional transmitter for transmitting the 
control data; 

Fig. 6 is a block diagram showing the configuration 
of the conventional receiver for receiving the control 
data; 

Fig. 7 is a schematic diagram illustrating the frame 
structure of a communication system according to 
the first embodiment; 

Fig. 8 is a schematic diagram showing the sub-car- 
rier structure of the communication system; 
Fig. 9 is a block diagram showing the configuration 
of a transmitter of the communication system; 
Fig. 10 is a block diagram showing the configuration 
of a receiver of the communication system; 
Figs. 1 1 A, 1 1 B and 1 1 C are schematic diagrams 
explaining the time delay and adding processing in 
the receiver; 

Figs. 12A and 1 2B are schematic diagrams explain- 
ing the principle of the signal extraction by the add- 
ing processing; 

Fig. 13 is a schematic diagram illustrating the frame 
structure of a portable telephone system according 
to the second embodiment; 
Fig. 14 is a schematic diagram showing the config- 
uration of a random access channel of the portable 
telephone system; 

Fig. 1 5 is a block diagram showing the configuration 
of a transmitter for transmitting control data via the 
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random access channel; 

Rg. 16 is a block diagram showing the configuration 
of a receiver for receiving control data transmitted 
via the random access channel; 
5 Rg. 1 7 is a schematic diagram showing the frame 

structure according to the other embodiment: 
Rg. 18 is a block diagram showing the configuration 
of a transmitter according to other embodiment; 
and 

10 Rg. 1 9 is a block diagram showing the configuration 
of a receiver according to other embodiment. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

IS Preferred embodiments of this invention will be 
described with reference to the accompanying draw- 
ings: 



TTie frame structure of the communication system 
according to this invention will k)e explained in this para- 

25 graph. In the communication system according to this 
invention, high priority data and low priority data are 
transmitted for one frame. At this time, as shown in Rg. 
7. the transmission symbols of the high priority data and 
the transmission symbols of the low priority data are 

30 positioned In the frame alternately That is, when the 
transmission symbols are collected alternately, they 
become a high priority field being the high priority data, 
and when the remained symbols are collected, they 
become a low priority field being the low priority data. 

35 In this case, the low priority field stores the trans- 
mission symkx)ls generated from the information bits of 
the low priority data and the transmission symtx>ls gen- 
erated from the error detection and correction bits which 
are added to the low priority data. On the other hand, 

4o the high priority field stores only the transmission sym- 
t>ols generated from the information bits of the high pri- 
ority data, but the transmission symbols generated from 
the error detection arxi correction bits. In this connec- 
tion, the high priority transmission symbols are symbols 

45 generated based on the coded bits which are generate 
by performing the extending processing of a distance 
between series using the cortvolutionat coding and/or by 
performing the orthogonal processing between series 
using the M-ary modulation on the information bits of 

50 the high priority data. The error detection and connection 
bits are not added to the high priority data, but the 
processing for extending a distance between series and 
the orthogonal processing between series are per- 
formed, so that the high priority data can be decoded 

55 promptly by the correlation detection at the receiving 
side. 



(1) The First Embodiment 

20 

(1-1) The Frame Structure 
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(1-2) The Carrier Structure 

The communication system according to this inven- 
tion performs so-called multi-carrier communication for 
transmitting transmission symbols for one frame having s 
the above-mentioned structure at the same time within 
one modulation period using a plurality of sub-carriers. 
More specifically, as shown in Rg. 8, one frequency 
channel Is composed of twenty-four sub-carriers CO to 
C23 positioned on the frequency axis at the same inter- io 
vals. Twenty-two sub-carriers Cl to C22. excepting sub- 
cam ers CO and C23 at both sides of the twenty-four 
sub-carriers CO to C23 which are guard carriers, are 
used to transmit the transmission symbols for one 
frame. In the communication system, the transmission is 
symbols transmitted within one modulation period are 
thereby transmitted being lined on the frequency axis. 

In addition, for convenience, the following explana- 
tion is on condition that each transmission symbol is 
symbol-mapped by. for example, the quadrature phase 20 
shift keying (QPSK) modulation arxd one transmission 
symbol is assigned to each of sub-carriers C1 to C22 to 
be transmitted. 

In the communication system, the transmission 
symbols having the frame structure shown in Fig. 7 are 25 
successively assigned to each of a plurality of sub<ar- 
riers CI to C22 one by one. Accordingly, the odd-num- 
bered sub-can-iers CI. C3. C5, C7. C9. C11. CI 3. CI 5. 
CI 7, CI 9, and C21 are used to transmit the high priority 
transmission symbols, and the even-numbered sub-car- 30 
riers C2. C4. C6. C8, CIO. C12. C14. C16. CIS. C20, 
and C22 are used to transmit the low priority transmis- 
sion symbols. 

In connection, the high priority transmission sym- 
bols are symfcwis generated by performing the QPSK 35 
modulation on the coded bits which are generated by 
performing the extending processing of a distance 
between series using the convotutional coding and/or by 
performing the orthogonal processing between series 
using the M-ary modulation on the information bits of 40 
the high priority data. The high priority transmission 
symbols are assigned to the sub-carriers CI . C3, C5. 
C7. C9. C11. C13, C15. CI 7. CI 9 and C21 as they are. 

On the contrary, the low priority transmission sym- 
bols are symt^ols generated by performing the QPSK 45 
modulation on the information bits of the low priority 
data and the error detection and correction bits added to 
the information bits. To assign these symbols to sub- 
carriers, the differential phases between the low priority 
transmission syntx)ls and the former high priority trans- so 
mission symbols are assigned to the sub-carriers C2. 
C4. C6, C8. CIO. C12. C14, C16. CIS. C20, and C22. 
More specifically, after applied the differential quadra- 
ture phase shift keying (DQPSK) modulation respec- 
tively, the low priority transmission symbols are ss 
assigned to the sub-carriers C2, C4. C6, C8, CIO. CI 2, 
C14, C16. CIS. C20 and C22. 
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(1 -3) The Configuration of Transmitter 

Next, a transmitter of the communication system 
according to this invention will be explained in this para- 
graph. In Fig. 9. 40 shows a transmitter of the communi- 
cation system according to this invention as a whole. A 
bit stream DH3 of the high priority data is input to an 
encoder 41 and a bit stream DL3 of the low priority data 
is input to an error correction bit adding circuit 42. 

The encoder 41 codes the bit stream DH3 of the 
input high priority data by performing, for exanple, the 
extending processing of a distance between series by 
the convolutional coding and the orthogonal processing 
between series by the M-ary modulation. The resultant 
coded bit stream D20 is output to a QPSK modulation 
circuit 43. The QPSK modulation circuit 43 performs the 
QPSK modulation processing on the input coded bit 
stream D20 successively, so as to generate a transmis- 
sion symbol stream D21 . which is output to the first ter- 
minal of a selection switch 44 at the subsequent stage. 

On the other hand, the error correction bit adding 
circuit 42 calculates error detection arxJ correction bits 
t>ased on the input low priority bit stream DL3, and adds 
the resulting error detection and correction bits to the bit 
stream DL3 to generate the bit stream D22 on which a 
processing for error correction is performed. The bit 
stream D22 is output to a QPSK modulation circuit 45 at 
the subsequent stage. The QPSK modulation circuit 45 
applies QPSK modulation to the input bit stream D22 
successively to generate the transmission symtx)l 
stream D23. which is output to the second input termi- 
nal of the first selection switch 44 at the subsequent 
stage. 

The first selection switch 44 changes the connec- 
tion of the input terminal alternately to select the trans- 
mission symbols supplied to the first input terminal and 
the transmission symbols supplied to the second input 
terminal alternately, so as to generate a symbol stream 
D24 in which the high priority data arxj the low priority 
data are lined alternately as shown in Fig. 7. The sym- 
tx3l stream D24 is input to the first input terminal of a 
second selection switch 46. and is input to a delay cir- 
cuit 47A arxj a multiplier 47B which consist of a differen- 
tial modulation circuit 47. 

The differential modulation circuit 47 differential - 
modulates the currentiy input transmission symbol by 
multiplying the currently input transmission symbol and 
the one previous transmission symtx)l obtained tinrough 
the delay circuit 47A by the multiplier 47B. This process- 
ing is successively repeated so as to generate a differ- 
ential symtx>l stream D25. which is output to the secorKl 
input terminal of the secorxj selection switch 46. 

When the symbol stream 024 is odd-numbered, the 
secorKl selection switch 46 selects tiie odd-numbered 
symbol of the symbol stream D24 by connecting to the 
first input terminal. When the differential symtx>l stream 
D25 is even-numbered, the second selection switch 46 
selects the even-numbered symbol of the differential 
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symbol stream D25 by connecting to the second input 
terminal. The resultant symbol stream D26 is output to 
an inverse fast Fourier transform (IFFT) circuit 48 at the 
subsequent stage. In this case, the odd-numbered sym- 
bols of the syn*x)l stream D24 and the differential sym- 
bol stream D25 are the high priority transmission 
symbols, and the even-numbered symbols are the low 
priority transmission symbols. Thereby, if the symbol 
stream D24 and the differential symbol stream D25 are 
selected alternately by the second selection switch 46, 
the symbol stream D26 in which the high priority trans- 
mission symbols and the differential-modulated low pri- 
ority transmission symbols are alternately lined can be 
obtained. Note that the low priority transmission sym- 
bols are differential-modulated based on the high prior- 
ity transmission synix)ls since they are differential- 
modulated to the one previous symbol. 

The inverse fast Fourier transform circuit 48 per- 
forms the inverse fast Fourier transform processing on 
the symbol stream D26 to generate a signal in which 
symbols lined on the time axis are arranged on the fre- 
quency axis. That is. the inverse fast Fourier transform 
circuit 48 allocates each symbol of the symbol stream 
D26 to each of the sub-carriers C1 to C22 successively. 
The transmission symbol stream D27 generated by the 
processing of the inverse fast Fourier transform circuit 
48 is input to a following transmission circuit 49. 

The transmission circuit 49 performs the window 
processing and the filtering processing on the transmis- 
sion symbol stream D27. and further performs the dig- 
ital-to-analog conversion processing to generate a 
transmission signal. The transmission circuit 49 then 
perfornrts the frequency conversion processing on the 
transmission signal to generate the transmission signal 
S20 of a predetermined frequency channel, which is 
trar^mitted via an antenna 50. In this way, the transmis- 
sion signal S20 in which the high priority data and the 
low priority data are superimposed alternately on the 
sub-carriers C1 to C22 is transmitted from the trartsmit- 
ter 40. 

(1-4) The Configuration of Receiver 

A receiver of the communication system according 
to this invention will be explained in this paragraph. In 
Fig. 10. 60 shows a receiver of the communication sys- 
tem according to this invention, which receives trans- 
mission signal S20 transmitted from the transmitter 40 
by an amenna 61 and inputs this to a reception circuit 
62 as a reception signal S21. The reception circuit 62 
performs the filtering processing and then the frequency 
conversion processing on the reception signal S21 to 
obtain a baseband signal. The reception circuit 62 per- 
forms the analog-to-digital conversion processing on 
the baseband signal to obtain a reception symtx>l 
stream D30, and performs the window processing on 
the reception synnbol stream D30 for one modulation 
period, thereafter outputs this to first and second 



demodulating units 63 and 64. In connection, since the 
Fourier transform processing is not performed on, the 
reception symbol stream D30 is a symbol stream in 
which each symbol is lined on the frequency axis. 

5 The first demodulating unit 63 is a demodulating 

unit for demodulating the high priority data, and inputs 
the reception symkx)l stream D30 to an internal time 
delay circuit 65 and adder 66 respectively. In the time 
delay circuit 65. as shown in Figs. 11 A and 11B, the 

10 reception symbol stream D30 of one modulation period 
T received by the reception circuit 62 is delayed for a 
half of one modulation period T, that is T/2. and the 
resuttarn reception symbol stream D31 is output to the 
adder 66. 

75 The adder 66 adds the reception symbol stream 
D30 and the reception symbol stream D31 for the period 
T/2 after the supplying of the reception symbol stream 
D31 starts. Thereby, as shown in Fig. 1 1 C, the adder 66 
generates a symbol stream D32 in which the latter half 

20 of the reception symbol stream D30 and the former half 
of the reception symbol stream D31 are added, and the 
symbol stream D32 is output to a correlation calculation 
circuit 67. 

In connection, when the reception symt>ol stream 

25 D31 is generated by delaying the reception symbol 
stream D30 for a half period T/2 of one modulation 
period T and the reception symbol stream D31 are 
added to the reception symbol stream D30 thus, among 
the signal components of the sub-carriers C1 to C22 

30 shown in Fig. 8, the signal components of the even- 
numbered sub-carriers C2, C4, C6, C8, CIO, CI 2, CI 4, 
CI 6, C18, C20 and C22 are negated, and only the sig- 
nal components of the odd-numbered sub-carriers CI , 
C3, C5, C7, C9. C11, C13. CIS. CI 7. C19and C21 can 

35 be extracted. 

As shown in Figs. 12A and 12B. this is because of 
the phase rotation of the signal component of each sub- 
carrier in the reception symbol stream D31 which is 
delayed for a half period T/2 of one modulation period, 

40 comparing to the reception symbol stream D30 being 
the original signal. More specifically, the phase rotation 
of each sub-carrier is generated in such a way that: the 
amount of phase rotation of the sub-carrier CI is 0. the 
amount of phase rotation of the sub-carrier C2 is tc, the 

45 amount of phase rotation of the sub-carrier C3 is 2n, the 
amount of phase rotation of the sub-can'ier C4 is 3k, the 
amount of phase rotation of the sub-carrier C5 is 4n, 
and so on. When adding the above phase-rotated 
reception symbol stream D31 to the reception symbol 

so stream D30 being the original signal, phase inversion 
occurs on the original signal of the signal components 

of the even-numbered sub-carriers C2, C4, C6 of 

which the amount of phase rotation are n, Zn, 5n...., so 
that the signal components of these sub-carriers C2. 

55 C4, C6,..., are negated. Thereby, the symbol stream 
D32 generated by the adding is connposed of only the 
signal conrponents of the odd-numbered sub-carriers 
C1, C3. C5. C7, C9, C11. C13. C15. 17, Cl9and C21 
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on which the symbols of the high priority data are super- 
imposed. 

In a reference storage circuit 68, such reference 
symbol stream that the information bit stream consid- 
ered as high priority data is coded similar to the trans- s 
mttting side to be QPSK-modulated arxJ is lined on the 
frequency axis, arxi the original information bit stream 
are stored. That is, the reference synnt>ol stream, that 
the high priority data is processed similar to the trans- 
mitting side so as to be superimposed on the sii>-carri- 
ers CI, C3, C5, C7, C9C11, CI 3, C15, C17, C19. and 
021 . are stored for all information bit streams which can 
be considered as high priority data, and all the informa- 
tion bit streams which can be considered as high priority 
data are stored. 

The correlation calculation circuit 67 successively 
reads out the reference symbol stream D33 from the 
reference storage circuit 68, and calculates the conrela- 
tion value between the reference symbol stream D33 
and the input symbol stream D32. The information bit 
stream D34 on the reference symbol stream D33 of the 
largest correlation value is read out from the reference 
storage circuit 68 to be output as the bit stream DH4 of 
the high priority data. 

Thus, in the first demodulating unit 63, the recep- 
tion symbol stream D30 is delayed for a half period T/2 
of one modulation period T, the symtjol stream D32 con- 
sisting of only high priority data is generated by adding 
the above delayed reception symbol stream to the 
reception symbol stream D30, and the correlation value 
between the symbol stream D32 and the reference 
synntx)l stream D33 is calculated, so that the bit stream 
DH4 of the high priority data is decoded. In this way, in 
the first demodulating unit 63. even when the signal 
components of high priority data and the signal compo- 
nents of low priority data are lined on the frequency 
axis, the high priority data can be decoded promptly by 
extracting only the signal components of high priority 
data from the reception symbol stream D30. 

On the other hand, the second demodulating unit 
64 is a demodulating unit for demodulating the tow pri- 
ority data, where the reception symbol stream D30 is 
firstly input to a buffer 69. The reception symtx)l stream 
D30 stored in the buffer 69 is successively read out and 
is input to the following fast Fourier transform circuit 
(FFT) 70. The fast Fourier transform circuit 70 performs 
fast Fourier transform processing on the reception sym- 
bol stream D30 to generate a signal in which the sym- 
bols lined on the frequency axis are lined on the time 
axis. More specifically, the fast Fourier transform circuit 

70 takes out the symbols superimposed on respective 
sub-carriers, and generates the symbol stream D36 
which is lined on the time axis. The symbol stream D36 
generated by the processirig of the fast Fourier trans- 
form drcuit 70 is input to a DQPSK denxxJulation circuit 

71 next. 

The DQPSK demodulation circuit 71 inputs the 
symbol stream D36 to a delay circuit 71 A and a multi- 



plier 71 B respectively. The multiplier 71 B multiplies the 
reception symbol currently input and the conjugate 
value of the one previous reception symbol supplied 
through the delay circuit 71 A. to perform the differential 
demodulation processing on the symbol stream D36. 
Note that the symbol stream D37 obtained by this 
processing is a syrrtool stream which is QPSK-modu- 
lated. 

The selection switch 72 receives the symbol stream 
D37 at the input terminal, and turns on when the synntx>l 
stream D37 is even-numbered symbol, so that only the 
e/en-numbered symbols of the symbol stream D37 are 
extracted. In this case, since the even-numbered sym- 
bols of the symbol stream D37 are symbols correspond- 
ing to the low priority data, the symbol stream D38 
obtained by the processing of the selection switch 72 is 
symbol stream composed of only symtx)ls correspond- 
ing to the low priority data, and corresponds to the sym- 
bol stream D23 output from the QPSK modulation 
circuit 45 of the transmitter 40. 

The error detection and correction circuit 73 
receives the symtx>l stream D38 and takes out the bit 
stream from the symbol stream D38. The error detec- 
tion and correction circuit 73 then detects the errors of 
the information bits based on the error detection and 
correction bits included in the bit stream and corrects 
the errors. The resultant information bits are output as 
bit stream DL4 of the low priority data. 

In the second demodulation circuit 64. the fast Fou- 
rier transform processing is performed on the reception 
symbol stream D30 to obtain the symbol stream D36 in 
which symbols are lined on the time axis. After the dif- 
ferential demodulation processing is performed on the 
symbol stream D36, the symbol stream D38 corre- 
sponding to the low priority data is extracted to take out 
the information bits, so that the low priority data is 
decoded. 

(1-5) Operations and Effects 

In the above configuration, in the transmitter 40 of 
the communication system, the symbol stream D21 
generated from the high priority data and the symtxil 
stream D23 generated from the low priority data are 
alternately selected, so as to generate such symbol 
stream D26 that the high priority symbols and the low 
priority symbols are alternately lined as shown in Fig. 7. 
Then, the inverse Fourier transform processing is per- 
formed on the symbol stream D26 to assign a symtjol to 
each of a plurality of sut>carriers CI to C22. In this 
case, since the high priority symbols and the low priority 
symbols are alternately positioned in the symbol stream 
D26. the high priority symbols and the low priority sym- 
bols are also alternately positioned on the frequency 
axis. More specifically, the high priority symbols are 
superimposed on the odd-numbered sub-carriers CI, 
C3. C5. 07. 09. 01 1. 013. 015, 017. 019 and 021, and 
the low priority symbols are superinrtposed on the even- 
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numbered sub-carriers C2, C4. C6, C8, CIO. C12, C14. 
CI 6. C18. C20 and C22. The transmission symbol 
stream D27 generated thus is transmitted via the 
antenna 50 as the transmission signal S20 after a pre- 
determined trar^mission processing is performed. $ 

On the other hand, in the receiver 60, the transmis- 
sion signal S20 transmitted from the transmitter 40 is 
received by the antenna 61 . A predetermined reception 
processing is performed on the transmission signal S20 
to obtain the reception symkx)! stream D30. In the 
receiver 60. the reception symbol stream D30 is firstly 
delayed for a half period T/2 of one modulation period T 
to generate the reception symbol stream D31. The 
reception symbol stream D31 and the reception symbol 
stream D30 being the original signal are added to gen- 
erate the symbol stream D32 composed of only the sig- 
nal conrtponents of the odd-numbered sub-carriers CI , 
C3. C5. C7. C9. C11. C13. CIS. C17. C19. and C21 on 
which the high priority symbols are superimposed. 

The symbol stream D32 and the reference symbol 
stream D33 are used to detect the correlation value. 
The information bit stream D34 which is the original of 
the reference symbol stream D33 having the largest 
correlation value is output as the bit stream DH4 of the 
high priority data. 

Thus, in this communication system, the high prior- 
ity symbols and the low priority synrtbols are alternately 
positioned in a frame, and successively assigned to 
each of a plurality of sub-carriers C1 to C22. so that the 
transmission signal S20 in which the sub-carriers hav- 
ing the high priority data superimposed and the sub-car- 
riers having the low priority data superinrposed are 
alternately positioned on the frequency axis is gener- 
ated and output. At the receiving side, a predetermined 
reception processing is performed on the transmission 
signal S20 to obtain the reception symbol stream D30. 
The reception symbol stream D30 is delayed for a half 
period T/2 of one modulation period T to generate the 
reception symbol stream D31. The reception symbol 
stream D31 is added to the reception symbol stream 
D30 being the original signal to generate the symbol 
stream D32 composed of only the signal components of 
the high priority symbols. The demodulation processing 
is performed on the symbol stream D32 by detecting the 
conreiation value to decode the bit stream DH4 of the 
high priority data. Therefore, in case of the communica- 
tion system, even if the high priority data and the low pri- 
ority data are transmitted at the same time by tiie multi- 
carrier method for one modulation period, only the sig- 
nal conrtponents of the high priority data can be 
extracted and the high priority data can be decoded 
promptly with a simple configuration using no high effi- 
cientiy filter circuit. 

On the other hand, as the low priority data, the fast 
Fourier transform processing is performed on the recep- 
tion symbol stream D30 to generate the symbol stream 
D36 in which symbols are lined on the time axis, and the 
even-numbered synrbols are extracted from the symbol 
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stream D36 to generate the symbol stream D38 com- 
posed of only symbols of the low priority data. The bit 
stream is taken out from the symbol stream D38 and the 
bit stream DL4 of the low priority data Is decoded by 
performing the en-or detection and error correction 
processing on the bit stream. 

Thus, as the low priority data, after the fast Fourier 
transform processing is performed so as to execute the 
signal conversion processing from the frequency axis to 
the time axis, the symkx)l stream D38 composed of only 
symbols of the low priority data is generated by the tem- 
poral division processing, and the demodulation and 
error correction processing are performed on the sym- 
bol stream D38 to decode the low priority data DL4. 
Thereby, the low priority data DL4 can be surely 
decoded. 

According to the above configuration, at the trans- 
mitting side, tiie high priority symbols and the low prior- 
ity symfcx)ls are transmitted at the same time by 
transmitting the transmission signal S20 In which the 
sub-carriers having the high priority data superimposed 
and the sub-can'iers having the low priority data super- 
imposed are alternately positioned on the frequency 
axis. At the receiving side, the reception symbol stream 
D30 obtained through a predetermined reception 
processing is delayed for a predetermined period to be 
added to the reception symbol stream D30. so that the 
symbol stream D32 composed of only the signal com- 
ponents of the high priority data Is generated. The 
demodulation processing is performed on the symbol 
stream D32 by detecting the correlation value to decode 
the high priority data. Therefore, even if the high priority 
data and the low priority data are transmitted at the 
same time using a plurality of sub-carriers C1 to C22 for 
one modulation period, the high priority data can be 
decoded- promptly with a simple configuration. Thus, 
even when the high priority data arxJ the low priority 
data are transmitted at the same time by the multi-car- 
rier method, processing in accordance with the priority 
can be performed with a simple configuration. 

(2) Aspects of the Second Embodiment 

(2-1) Background Art 

An example In the case where this invention is 
applied to a cellular radio communication system will be 
explained In the aspects of the second emtx)diment. 
Note that a portable telephone system will be explained 
here as a cellular radio communication system. 

Rrst of all. a portable telephone system which is the 
background arts of the second ennbodiment is 
explained. Generally. In the portable telephone system, 
an area for providing communication service is divided 
into cells having a desired size, and a base station is 
provided in each cell as a fixed radio station. A portable 
telephone device as a mobile radio station radio-com- 
municates with the t^se station within the cell where the 
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portable telephone device ensts. In this way, so-called 
cellular radio communication system is constructed. 

In such a portable telephone system, when a call- 
ing is made by the portable telephone device for exam- 
ple, the call processing is performed by the following s 
procedure. The portable telephone device firstly trans- 
mits a control data composed of a preamble data and a 
message data to a base station using a control channel 
called a random access channel (RACH). TTie base sta- 
tion monitors the random access channel and detects io 
whether or not there is a message from the portable tel- 
ephone device by detecting the existence of the pream- 
ble data When the preamble data is detected, the base 
station judges that there Is a message from the portable 
telephone device, detects the following message data, is 
and analyzes the contents of the message data. If the 
content of the message data is a call request, the base 
station determines a demesne control channel (DCCH) 
to be used for communication with the portable tele- 
phone device, and informs this channel number to the 20 
portable telephone device using an answer governing 
channel (AGCH). A predetermined control processing Is 
executed between the portable telephone device and 
the base station via the informed ocojpational control 
channel, so that the call processing from the portable 25 
telephone device is realized. 

In the call processing, the control data firstly trans- 
mitted from the portable telephone device is composed 
of the preamble data and the message data as 
described above. In this case, the preamble data repre- 30 
sents the existence of message data, and the base sta- 
tion side detects the preamble data to detect whether 
the message data exists or not. Accordingly, in case 
where the base station side prioritizes the data based 
on the detection order, the preamble data has the high- 35 
est priority and the message data representing the con- 
crete request content has the tower priority than the 
preamble data. 

To detect the preamble data corresponding to the 
high priority data, the electric power of the random 40 
access channel is generally measured. However, the 
preamble data may not be detected by the electric 
power measurement depending on the communication 
method. For example, in a portable telephone system 
using the CDMA method by the code division or the 45 
TDMA method in which so-called frequency hopping is 
performed for changing the frequency channel for each 
slot, the preamble data can not be detected by the sim- 
ple power measurement since other signals are inter- 
mingled on the bar>d or the barxjs is changed one after so 
another. Therefore, this type of portable telephone sys- 
tem decodes the preamble data by detecting the pream- 
ble data. 

At this time, if the preamble data can be detected 
promptly by decoding, there is no problem because the ss 
following message data can be decoded. However, if 
the preanrtole data can not be detected promptly, the 
message data may not be decoded. For instance, in the 
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case of the multi-carrier method where a plurality of 
sub-carriers are used to transmit preamt>le data arxl 
message data at the same time for one modulation 
period, the message data may not be decoded if the 
preamtsle data is not detected by promptly extracting the 
signal components of the preamble data. Hence, in this 
invention, even if the multi-carrier communication is per- 
formed on the condition that the preamble data repre- 
senting the existence of message can not be detected 
by the power measurement, the preamble data can be 
detected promptly Hereinafter, this point will be 
explained step by step. 

(2-2) The Frame Structure 

Rg. 13 shows the frame structure of the control 
data consisting of preamble data and message data. As 
shown in Fig. 13. in the portat^te telephone system 
according to this invention, the control data conrposed 
of the preamble data and the message data is transmit- 
ted by one frame. At this time, the transmission symt>ols 
of the preamble data arxJ the transmission symbols of 
the message data are alternately positioned in the 
frame. In other words, when the transmission symbols 
positioned by turns are collected alternately, they 
become a preamble field which is the preamble data, 
and when the other remained transmission symbols are 
collected, they become an information field which is the 
message data. 

In this case, in the information field, the transmis- 
sion symbols generated from the message data which 
represent the control contents for the base station and 
the transmission symt)ols generated from the error 
detection and correction bits which are added to the 
message data are stored. In the meantime, in the pre- 
amble field, the trar^mission symbols generated from 
the preamble data representing the existence of mes- 
sage data are stored. 

In connection, the preamble data is an inherent 
data set for each base station, and the portable tele- 
phone device being a mobile station uses the inherent 
data of the base station which is desired to communi- 
cate with as the preamble data. In addition, a plurality of 
inherent data are prepared for one base station in 
accordance with the attribute (such as type) of the mes- 
sage data. The portable telephone device employs tiie 
inherent data suitable for the attribute of message data 
to be transmitted to the base station as the preamble 
data. Thereby, the base station being the receiving side 
can detect the preamble data to detect the existence of 
the message data, and also can recognize tiie attribute 
of the message data. 

Thus, in the portable telephone system according 
to this invention, when starting a call from the portable 
telephone device, the control data thus sti^uctured is 
transnrtitted to the base station via the random access 
channel. 
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(2-3) The Conf iguration of Random Access Channel 

Here. Fig. 1 4 shows the configuration of the random 
access channel of the portable telephone system. This 
portable telephone system also performs the multi-car- s 
rier communication similarly to the first emtxxjiment, 
and has a plurality of sub-carriers as the random access 
channel. More specifically, as shown in Fig. 14. the ran- 
dom access channel consists of. for example, twenty- 
four sub-carriers CO to C23 positioned at the same 
intervals on the frequency axis. Twenty-two sub-carriers 
CI to C22 excepting sub-carriers CO and C23 at both 
sides of the twenty-four sub-carriers CO to C23, which 
are guard carriers, are used to transmit the transmission 
symbols of the control data described above. 

In the portable telephone system, each of the trans- 
mission symbols of the control data is assigned one by 
one to each plurality of sub-carriers C1 to C22 shown in 
Fig. 14 successively. Thus, the odd-numbered sub^car- 
riers C1 . C3, C5. C7, C9. C1 1 , C13, CI 5, C1 7, CI 9 and 
C21 are used for the transmission symbols of the pre- 
amble data, and the even-numbered sub-carriers C2. 
C4, C6. C8, CIO. C12, C14. C16, C18. C20 and C22 
are used for the transmission symbols of the message 
data. 

In connection, the transmission symbols of the pre- 
amble data are assigned to each of the sub-carriers CI , 
C3, C5, C7, C9. C11. C13. C15. CI 7. C19 and C21 as 
they are. On the other hand, in the case of the transmis- 
sion symbols of the message data, the differential 
phases between the transmission symbols of the mes- 
sage data and the transmission symbols of the one pre- 
vious preamble data are assigned to the sub-carriers 
C2, C4. C6, C8, C10. C12. C14, C16. C18. C20 and 
C22. That is. the transmission symbols of the message 
data are DQPSK-modulated respectively and are 
assigned to the sub-carriers C2. C4, C6. C8. C10. C12, 
C14, C16, C18, C20 and C22. 

(2-4) The Configuration of Transmitter 

Here, a transmitter for transmitting control data via 
the random access channel will be explained. In Fig. 15 
where the portions corresponding to those of Rg. 9 are 
designated with the same reference numerals, 80 
shows a transmitter for transmitting control data via ran- 
dom access channels as a whole. This transmitter 80 is 
provided on a portable telephone device, and sends 
control data to be transmitted to the base station via the 
random access channels. In the transmitter 80, the pre- 
amble data DP2 composing a control data is input to the 
input terminal of the first selection switch 44. Note that 
the preamt>le data DP2 are the symbolized data suitat^le 
for the attribute of message data DM3 described later 
and are the inherent data of the base station with which 
the portable telephone device communicates. 

The message data DM3 composing a control data 
is input to the error correction bit adding circuit 42. The 



error correction bit adding circuit 42 calculates the error 
detection arxl correction bits based on the information 
bits of the input massage data DM3, and adds the error 
detection and correction bits to the message data DM3 
to generate a bit stream D40 on which a processing for 
error correction is performed, which are output to the 
QPSK modulation circuit 45 at the subsequent stage. 
The QPSK modulation circuit 45 successively performs 
the QPSK modulation processing on the input bit 
stream D40 to generate a symbol stream D41 , which is 
output to the second input terminal of the first selection 
switch 44 at the subsequent stage. 

The first selection switch 44 changes the connec- 
tion of the input terminal alternately to select the sym- 
bols of the preamble data DP2 supplied to the first input 
terminal and the symtx)ls of the symbol stream D41 
relating to the message data DM3 supplied to the sec- 
ond input terminal alternately, so as to generate a sym- 
bol stream D42, in which tiie symbols of the preamble 
data DP2 and the symbols of the message data DM3 
are lined alternately, as shown in Fig. 13. The symbol 
stream D42 is output to the first input terminal of the 
second selection switch 46, and is output to a delay cir- 
cuit 47A and multiplier 47B which consist of a differen- 
tial modulation circuit 47. 

The differential modulation circuit 47 differential - 
modulates a currently input symbol by multiplying the 
currentiy input symbol and the one previous symbol, 
which is obtained through the delay circuit 47A. via the 
multiplier 47B. This processing is successively repeated 
to generate the differential symbol stream D43. which is 
output to the second input terminal of the second selec- 
tion switch 46. 

When tiie symfc>ol stream D42 is odd-numbered, the 
second selection switch 46 selects the odd-numbered 
symbols of the symbol stream D42 by connecting to the 
first input terminal. When the differential symbol stream 
D43 is even-numbered, the second selection switch 46 
selects the even-numbered symbols of the differential 
symbol stream D43 by connecting to the second input 
terminal. The resultant symbol stream D44 is output to 
an inverse fast Fourier transform (IFFT) circuit 48 at the 
subsequent stage. In this case, the odd-numbered sym- 
tx)ls of the symbol stream D42 and the differential sym- 
bol stream D43 are the symbols off the preamble data 
DP2. and the even-numbered symbols are the symbols 
of the message data DM3. Thus, if the symbol stream 
D42 and the differential symt>ol stream D43 are 
selected alternately by the second selection switch 46, 
the symbol stream D44 where the symbols of tiie pre- 
amble data DP2 and the symbols of the differential - 
modulated message data DM3 are alternately lined can 
be obtained. Note that since the differential modulation 
is performed with the one previous symtxrf. tiie symbols 
of tiie message data DM3 are differential-modulated 
based on the symbols of tiie preamble data DP2. 

The inverse fast Fourier transform circuit 48 per- 
forms the inverse fast Fourier ti-ansform processing on 
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the symbol stream D44 to generate such signal where 
syrrdx>)s lined on the time axis is lined on the frequency 
axis. That is, the inverse fast Fourier transform circuit 48 
allocates each symbol of the symbol stream D44 to 
each of the sut>-carriers C1 to C22 successively. The 5 
transmission symbol stream D45 generated by the 
processing of the inverse fast Fourier transform circuit 
48 is input to the following transmission circuit 49. 

The transmission circuit 49 performs the window 
processing and the filtering processing on the transmis- 10 
sion symbol stream D45. and further performs the dig- 
ital-to-analog conversion processing to generate a 
transmission signal. The transmission circuit 49 then 
performs the frequency conversion processing on the 
transmission signal to generate a transmission signal is 
S30 on the random access channel, which is transmit- 
ted via an antenna 50. In this way, the transmission sig- 
nal S30 having the preamble data DP2 and message 
data DM3 superimposed alternately on the sub-carriers 
C1 to C22 is transmitted via the transmitter 80. 20 

(2-5) The configuration of Receiver 

A receiver for receiving the transmission signal S30 
transmitted via the random access channel described 25 
above will be explained in this paragraph. In Fig. 16 
where the portions corresponding to those of Fig. 1 0 are 
designated with the same reference numerals. 90 
shows a receiver for receiving the transmission signal 
S30 transmitted via the random access channel as a 30 
whole. The receiver 90. which is provided in the base 
station, receives the transmission signal S30 being con- 
trol data transmitted from the portable telephone device 
as described above. 

In the receiver 90, the transmission signal S30 35 
transmitted from the transmitter 80 is received at the 
antenna 61 , and is input to a reception circuit 62 as a 
reception signal S31 . The reception circuit 62 performs 
the filtering processing and then the frequency conver- 
sion processing on the reception signal S31 to take out 40 
a ktaseband signal. The reception circuit 62 performs 
the analog-to-digital conversion processing on the 
baseband signal to obtain a reception symt>ol stream, 
and performs the wirxJow processing on the reception 
symbol stream for one nrxxJulation period, and normal- 45 
izes each symbol with the total value of the signal power 
for one modulation period (or the total value of the 
amplitude). The resultant reception symbol stream D50 
is output to first and secorxJ demodulating units 91 . 92. 
tn connection, the reception symbol stream D50 is the so 
symbol stream before the Fourier transform processing 
is performed, and that is symbol stream in which each 
symbol is lined on tiie frequency axis. 

The first demodulating unit 91 is a denxxdulating 
unit for detecting the preamble data, and inputs the ss 
reception symbol stream D50 to an internal time delay 
circuit 65 and an adder 66 respectively. The time delay 
circuit 65 delays the reception symbol stream D50 of 
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one modulation period received by the reception circuit 
62 for a half of one modulation period T. ttiat is T/2. and 
outputs the resultant reception symbol stream D51 to 
the adder 66. 

The adder 66 adds the reception synr4x)l stream 
D50 and the reception symbol stream D51 for the period 
T/2 after the supplying of the reception symbol stream 
D51 starts. Thereby, the adder 66 generates a symtxsl 
stream 052 where the latter half of the reception synrbol 
stream D50 and the former half of the reception synrtel 
stream D51 are added, and ttie symbol stream D51 is 
output to a correlation calculation circuit 93. 

In connection, by performing the above adding 
processing, similarly to the first embodiment, the sym- 
bol stream D52 consisting of only the signal compo- 
nents of tiie odd-numbered sub-carriers CI, C3. C5, 
C7, C9. C11, C13. C15, C17. C19 and C21, on which 
the preamble data is superimposed, can be obtained. 

In a reference storage circuit 94, a plurality of refer- 
ence symbol streams that the symbols of the preamble 
data which are inherent for respective base station are 
lined on the frequency axis and a plurality of attritxjte 
information of the preanrd^le data are stored. 

A con-elation calculation circuit 93 successively 
reads out the reference symbol stream D53 from the 
reference storage circuit 94 and calculates the correla- 
tion value between tiie reference symbol stream 053 
and the input symbol stream 052. If tiie correlation 
value exceeds a predetermined threshold value, the 
correlation calculation circuit 93 judges ttiat ttie pream- 
ble data is received (that is. judges that the message 
data exists) and outputs a control signal S32, which rep- 
resents the start of demodulating the message data, to 
the second demodulating unit 92. Also, the correlation 
calculation circuit 93 successively reads out tiie 
attribute information of the preamble data from the ref- 
erence storage circuit 94 based on the reference sym- 
bol sti-eam 053 of the correlation value exceeding tiie 
threshold value. The attribute information is output to a 
controlling circuit (not shown) for controlling the entire 
operation of tiie base station. Thereby, the controlling 
circuit can confirm the atti-ibute of the message data 
before the message data is demodulated, and can pre- 
pare for the message data. In connection, if a plurality of 
correlation values exceeding the threshold value exist in 
the correlation detection, the correlation calculation cir- 
cuit 93 reads out the attribute information of the mes- 
sage data based on the reference symbol stream of the 
largest correlation value. 

Thus, in the first demodulating unit 91 . the recep- 
tion symbol stream 050 is delayed for a half period T/2 
of one modulation period T and is added the delayed 
reception symbol stream to the reception symbol 
stream 050. so as to generate the symbol stream 052 
composed of only the signal component of the preamble 
data. The correlation value between the symtx>l stream 
052 and the reference syntx}l stream 053 is calcu- 
lated, so that it is detected whether the preamble data is 
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received or not TTiereby, in the first demodulating unit 
91, even when the signal components of the preannble 
data and the signal components of the message data 
are lined on the frequency axis, only the signal compo- 
nents of the preamble data can be extracted from the 
reception symbol stream D50 to detect the preamble 
data promptly- 

In addition, the control data is transmitted in accord- 
ance with timing assigned to its own station. However, rf 
transfer delay occurs due to the large size of cell and the 
control data arrive asynchronously, the first demodulat- 
ing unit 91 repeats this processing for each short period 
to detect the preamble data. Further, if the control data 
arrive periodically due to the small size of cell, the first 
demodulating unit 91 performs this processing in 
accordance with the arrival timing so as to detect the 
preamble data. 

On the other hand, the second demodulatirtg unit 
92 is a denxtdulating unit for demodulating the message 
data. The reception symbol stream D50 is firstly input to 
a buffer 95. When receiving the control signal S32 from 
the correlation calculation circuit 93 of the first demodu- 
lating unit 91 (that is. when confirming the existence and 
attribute of the preamble data by the first denrx)dulating 
unit 91), the buffer 95 successively reads out and out- 
puts the stored reception symt>ol stream D50 to the fast 
Fourier transform circuit (FFT) 70, where the demodu- 
lating of the message data is started. In connection, 
when the buffer 95 does not receive the control signal 
S32 from the correlation calculation circuit 93, it judges 
that the preannble data is not detected, and does not 
output the reception symbol stream D50 and does not 
start demodulating the message data. 

The fast Fourier transform circuit 70 receives the 
reception symbol stream D50 output from the buffer 95 
and performs the fast Fourier transform processing on 
the reception symbol stream D30 to generate a signal 
where the symtx>ls lined on the frequency axis is lined 
on the time axis. More specifically, the fast Fourier trans- 
form circuit 70 takes out the symbols superimposed on 
respective sub-can-iers. and- generates the symbol 
stream. D55 in which the symbols are lined on the time 
axis. The symbol stream D55 generated by the process- 
ing of the fast Fourier transform circuit 70 is input to the 
following DQPSK demodulation circuit 71. 

The DQPSK demodulation circuit 71 inputs the 
symbol stream D55 to the delay circuit 71 A and the mul- 
tiplier 71 B respectively. The multiplier 71 B multiplies the 
currently input reception symbol and the conjugate 
value of the one previous reception symbol supplied 
through the delay circuit 71 A. so as to perform the differ- 
ential demodulation processing on the symbol stream 
D55. Note that the symbol stream D56 obtained by this 
processing is a QPSK-modulated symtxrf stream. 

The selection switch 72 receives the symbol stream 
D56 with its input terminal, and is turned on when the 
symbol stream D56 is e^en-numbered symbol, so as to 
extract only the even-numbered synr^ls of the symbol 



stream D56. In this case, since the even-numbered 
symbols of the symbol stream D56 are symbols corre- 
sponding to the message data, the symbol stream 057 
obtained by the processing of the selection switch 72 Is 

5 a symlx)l stream consisting of only symbols corre- 
sponding to the message data. arxJ corresporKls to the 
symbol stream D41 output from the QPSK modulation 
circuit 45 of the transmitter 80. 

The error detection and correction circuit 73 

10 receives the symbol stream D57 and takes out the bit 
stream of the message data from the symbol stream 
D57. The error detection arxJ correction circuit 73 then 
detects the errors of the information bits consisting of 
the message data based on the error detection and cor- 

15 rection bits included in the bit stream, and corrects the 
errors. The resultant information bits are output to a 
controlling circuit (not shown) for controlling the entire 
operation of the base station as a bit stream DM4. 
Thereby, the controlling circuit can confirm the reception 

20 of the message data and control the communication 
sequence in accordance with the message data. 

Thus, in the second demodulation circuit 92, when 
the preamble data is detected, the fast Fourier trans- 
form processing is performed on the reception symbol 

25 stream D50 to obtain the symbol stream 055 in which 
symbols are lined on the time axis. After the differential 
demodulation processing is performed on the symbol 
stream 055, the symtx)l stream 057 corresponding to 
the message data is extracted to take out the informa- 

30 ton bits, so that the message data is decoded. 

(2-6) Operations and Effects 

In the above configuration, in the transmitter 80 of 

35 the portable telephone system, the symbols of the pre- 
annble data DP2 and the symtx>ls generated from the 
message data 0M3 are alternately selected, so as to 
generate such symbol stream 044 where the symbols 
of the preamble data and the symbols of the message 

40 data are alternately lined as shown in Fig, 1 3. Then, the 
inverse Fourier transform processing is performed on 
the symbol stream 044 to assign a symbol to each of a 
plurality of sub-carriers C1 to C22. In this case, since 
the symbols of the preamble data 0P2 and the symbols 

45 of the message data DM3 are alternately positioned in 
the symbol stream 044. the symbols of the preamble 
data 0P2 and the symbols of the message data 0M3 
are also alternately positioned on the frequency axis. 
The transmission symbol stream 045 obtained thus is 

50 transmitted via the antenna 50 as the transmission sig- 
nal S30 after performed a predetermined transmission 
processing. 

On the other hand, in the receiver 90. the transmis- 
sion signal S30 transmitted from the transmitter 80 is 
55 received by the antenna 61 . A predetermined reception 
processing is performed on the transmission signal S30 
to obtain the reception symbol stream 050. In the 
receiver 80, the reception symbol stream 050 is firstly 
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delayed for a half period T/2 of one modulation period T 
to generate the reception symbol stream D51. The 
reception symbol stream D51 and the reception symbol 
stream D50 being the original signal are added to gen- 
erate the symbol stream 052 consisting of only the sig- 5 
nal components of the odd-numbered sub-carriers CI. 
C3, C5, C7, C9. C11, C13. C15. C17, C19and C21 on 
which the symbols of the preamble data DP2 are super- 
imposed. 

The symbol stream D52 and the reference symbol 
stream D53 are used to detect the con-elation value. 
When the correlation value exceeds a predetermined 
threshold value, it is judged that the preamble data DP2 
are received, and the control signal S32 is output to the 
second demodulating unit 92 so as to instruct the sec- 
ond demodulating unit 92 to start the demodulation 
processing of the message data DM3. Thereby, in the 
receiver 90, only when the preamble data DP2 are 
detected, the message data DM3 are demodulated. 
Therefore, the processing in the receiver can be 
reduced comparing to the case where the detection of 
the preamble data DP2 and the demodulation of the 
message data DM3 are sinrply performed in parallel. 

Further, the attribute of the message data DM3 is 
determined based on the reference symbol stream D53 
of the con-elation value exceeding the threshold value, 
and the attribute information D54 is output to the con- 
trolling circuit for controlling the entire operation of the 
base station. Thereby, the controlling circuit can confirm 
the attribute of the message data DM3 before demodu- 
lating the message data DM3. In conneaion, the 
attribute of the message data DM3 can be obtained 
from the preamble data DP2, so that the portable tele- 
phone system can easily change the importance of the 
message data, the format of the message data, the 
modulation method, and/or the coding method, and can 
transmit and receive message data flexibly. 

In this way, in the portable telephone system, the 
symbols of the preamble data DP2 and the symbols of 
the message data DM3 are alternately positioned and 
successively assigned to each of a plurality of sub-car- 
riers C1 to C22, so that the transmission signal S30 in 
which the sub-carriers having the preamble data DP2 
superimposed and the sub-carriers having the message 
data DM3 superimposed are alternately positioned on 
the frequency axis is generated to be transmitted. At the 
receiving side, a predetermined reception processing is 
performed on the transmission signal S30 (I.e.. recep- 
tion signal S31) to obtain the reception symbol stream 
D50 in which each symbol is lined on the frequency 
axis. The reception symbol stream D50 is delayed for a 
half period T/2 of one modulation period T to generate 
the reception symbol stream D51 . The reception symbol 
stream 051 is added to the reception symtx>l stream 
050 being the original signal to generate the symbol 
stream D52 consisting of only the signal components of 
the preamble data DP2. The correlation value detection 
processing is performed on the symbol stream 052 to 



detect the preamble data 0P2. Therefore, in case of the 
portable telephone system, even if the control data con- 
sisting of the preamble data DP2 and the message data 
DM3 are transmitted at the same time by the multi-car- 
rier communication for one modulation period, only the 
signal components of the preamt)le data DP2 can be 
extracted, and the preamble data DP2 can be detected 
promptly with a simple configuration using no high eff i- 
dentty filter circuit. 

On the other hand, as the message data DM3. the 
fast Fourier transform processing is performed on the 
reception symbol stream 050 to generate the symbol 
stream D55 in which symbols are lined on the time axis, 
and the even-numbered symbols are extracted from the 
symbol stream D55 to generate the symbol stream 057 
composed of only the symbols of the message data 
DM3. The bit stream is taken out from the symbol 
stream 057 and the bit stream DM4 of the message 
data DM3 is decoded by performing the error detection 
and error correction processing on the bit stream. 

Thus, in the case of the message data 0M3, after 
the fast Fourier transform processing is performed so as 
to execute the signal conversion processing from the 
frequency axis to the time axis, the symbol stream 057 
composed of only symbols of the message data DM3 is 
generated by the temporal division processing, and the 
demodulation and error correction processing is per- 
formed on the symbol stream 057 to decode the bit 
stream DM4 of the message data 0M3. Thereby, the 
message data DM3 can be decoded certainly 

According to the above configuration, at the trans- 
mitting side, the transmission signal S30 in which the 
sub-carriers having the preamble data DP2 superim- 
posed and the sub-carriers the message data DM3 
superimposed are alternately positioned on the fre- 
quency axis is transmitted so as to transmit the pream- 
ble data and the message data at the same time during 
one modulation period. At the receiving side, the recep- 
tion symbol stream 050 obtained through a predeter- 
mined reception processing is delayed for a 
predetermined period to be added to the reception sym- 
bol stream 050 so as to generate the symbol stream 
052 consisting of only the signal components of the pre- 
amble data DP2. The preamble data DP2 are detected 
by detecting the correlation value. Thereby, even if the 
preamble data DP2 and the message data DM3 are 
transmitted at the same time using a plurality of sub-car- 
riers C1 to C22 for one modulation period, the preamble 
data 0P2 can be detected promptly with a simple con- 
figuration. Thus, even when the preamble data DP2 and 
the message data DM3 are transmitted at the same 
time by the multi -carrier method, the processing in 
accordance with the priority can be performed with a 
simple configuration. 

(3) Aspects of the Other Embodiments 

The first embodiment described above has been 
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deatt with the case where the number of the sub-carri- 
ers having the high priority data superirrposed is the 
same as the nunrber of the sub-carriers havirtg the low 
priority data superirrposed, and the sizes of respective 
data transmitted in one transmission are the same each 5 
other. However, this invention is not limited to this, but 
the number of times the high priority data appear can be 
decreased to 1/2*^ so as to reduce the number of sub- 
carriers of the high priority data conparing to that of the 
low priority data, so that the larger number of the low pri- w 
orrty data are transmitted in one trar^mission. 

For example, as shown in Fig. 17, the number of 
times the high priority data appear is set to be 1/4. so 
that the high priority data appear once in four times. 
Accordingly, in this case, the number of sub-carriers on is 
which the high priority data is superimposed is 1/4 of the 
whole sub-carriers, and the number of sub-carriers on 
which the low priority data is superimposed is 3/4 of the 
whole sub-carriers. The ratio of the number of sub-car- 
riers is 1 :3. 20 

Here, the transmitter arKl the receiver in the case of 
setting the sub-carriers as described above will be 
explained referring to Figs. 18 and 19. Note that the 
ratio of the number of sub-canriers of the high priority 
data and the low priority data is 1 ;3. arxi data communi- 25 
cation is executed using the sub-carriers CI to C20 in 
the following explanation. In Fig. 18 where the p>ortions 
corresponding to those of Fig. 9 are designated with the 
same reference numerals. 100 shows an entire trans- 
mitter in which the ratio of the number of sub-carriers is 30 
changed, and is constructed generally similarly to the 
transmitter 40 shown in Fig. 9 excepting the first and 
second selection switches 101, 102. The transmitter 
100 significantly differs from the transmitter 40 in that 
the timing of the selection operation of the first and the 35 
second selection switches 101 and 102. More specifi- 
cally, in this example, since the number of times the high 
priority data appear is 1/4, the first selection switch 101 
selects the transmission symbol D21 corresponding to 
the high priority data once in four times, and selects the 40 
transmission symbol D23 corresponding to the low pri- 
ority data at other timing. Similarly, the second selection 
switch 1 02 selects the symbol stream D60 once in four 
times, and selects the differential symbol stream D61 at 
other timing. Thus, in the transmitter 100. the symbol 45 
stream D62 having the frame structure shown in Fig. 1 7 
is generated, and a predetermined transmission 
processing is performed on this to be output as trans- 
mission signal S40. 

On the other hand, in Fig. 19 where the portions so 
corresponding to those of Fig. 10 are designated with 
the same reference numerals, 110 shows an entire 
receiver for receiving the transmission signal S40 trans- 
mitted after changing the ratio of the number of sub-car- 
riers, and is constructed generally similarly to the ss 
receiver 60 shown in Fig. 10 excepting the configuration 
of the first demodulating unit 1 1 1 and the timing of the 
selection operation by the selection switch 116 in the 



second demodulating unit 112. In this case, in the first 
demodulating unit 1 1 1, a second time delay circuit 113 
and a second adder 114 are added to the first time 
delay circuit 65 and the first adder 66. Thus, the adding 
processing of the delayed symbol stream comprises two 
steps. 

More specifically, in the first demodulating unit 111. 
the delayed reception symbol stream D31 and the 
reception synnbol stream D30 being the original signal 
are added to generate the symbol stream D32 consist- 
ing of only the signal components of the odd-numbered 
sub-carriers CI. C3. C5, C7, C9. C11. C13, CI 5. CI 7 
and CI 9. The symbol stream D32 is input to the second 
time delay circuit 113 and the second adder 114. The 
second time delay circuit 113 delays the symbol stream 
D32 for a period T/4, which is 1/4 of one modulation 
period T. and the resultant symbol stream D70 is output 
to the adder 114. The adder 114 adds the symbol 
stream D70 and the symbol stream D32 being the orig- 
inal signal for tiie period T/4 after the supplying of the 
delayed symbol stream D70 is started, so as to gener- 
ate a symbol stream D71 consisting of only the signal 
components of the sub-carriers CI, C5. C9, CI 3 and 
CI 7. which is output to the correlation calculation circuit 
67. 

In the correlation calculation circuit 67. a reference 
symbol stream D72 stored in the reference storage cir- 
cuit 1 1 5 is read out successively to calculate the conge- 
lation value to the symbol stream D71 . Based on the 
reference symtx)! stream D72 having the largest corre- 
lation value, tiie information bit stream D73 is read out 
to be output, so that the high priority data DH4 can be 
decoded easily 

In the second demodulating unit 112, the first, fifth, 
ninth, thirteentii and seventeenth symbols of the symbol 
stream D75 output from the differential demodulation 
circuit 71 are the high priority data, and otiier symbols 
are the low priority data. If tiie second to fourth, sixth to 
eighth, tentii to twelfth, and fourteenth to sixteenth sym- 
bols are selected by tiie section switch 116. the symbol 
stream D76 consisting of only symbols of the low prior- 
ity data can be obtained. Then, the error detection and 
correction circuit 73 extracts the information bits from 
the symbol sfream D76 to correct errors, so that the low 
priority data DL4 can be decoded easily. 

In addition, in the case where tiie number of times 
the high priority data appear is set to be 1/2^. the time 
delay circuits and adders should be provided for the 
number of the degree N. and the addition to the delayed 
symbol stream should be performed at N-stages. 

Further, the second errixxtiment described above 
has been dealt with the case where control data com- 
posed of preamble data and message data are trans- 
mitted tiirough the random access channel of the 
portable telephone system. However, this invention is 
not limited to this, but is applicable to the case where an 
information data composed of preamble data and mes- 
sage data is transmitted through the initial supplemen- 
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tation channel of the portable telephone system. The 
initial supplementation channel is a control channel for 
transmitting the information necessary to receive the 
control channel (BCCH) in which the system information 
of the portable telephone system is transmitted. For 5 
example, when turning on the power switch of the port- 
able telephone device, the initial supplementation chan- 
nel transmitted from the base station is received to 
obtain the information data relating to the control chan- 
nel (BCCH). Based on the information data, the control 10 
channel (BCCH) is received and thereafter the process- 
ing for position registering is performed. In short, a 
channel for obtaining information promptly can detect 
the preamble data promptiy by applying this invention, 
so that the same effect as the case described above can 75 
be obtained. 

Further, the first errtxxJiment described atx>ve has 
been dealt witii the case where the error detection and 
correction bits are not added to the high priority data. 
However, this invention is not limited to this, but may be 20 
applied to a case where the high priority data for several 
frames are gathered and the error detection and correc- 
tion bits are added to them. 

Further, the first embodiment described above has 
been dealt with the case where the error detection and 25 
correction bits are added to tiie low priority data. How- 
ever, this invention is not limited to this, but the error 
detection and correction bits can not be added to the 
low priority data if errors do not occur. 

Further, the embodiment described above has so 
been dealt with the case where the QPSK modulation is 
used as a modulating method. However, this invention is 
not limited to this, but other modulating methods for 
putting information components on the phases or the 
amplitude, such as the binary phase shift keying 35 
(BPSK) or the 16-quadrature amplitude modulation 
(16QAM) can be also employed. 

Further, the embodiment described above has 
been dealt with the case where the differential modula- 
tion Is performed on the low priority data and the mes- 40 
sage data. However, this invention is not limited to this, 
but it is possible not to perform tiie differential modula- 
tion, similarly to tiie case of the high priority data or the 
preamble data. 

Further, the embodiment described above has 45 
been dealt with the case where tiie number of sub-car- 
riers used for the multi-canrier communication is 24. 
However, this invention is not limited to this, but other 
nurr^er of the sub-carriers can be used. 

Further, the embodiment described above has so 
been dealt with the case where the encoder 41. the 
error correction bit adding circuit 42. the QPSK modula- 
tion circuits 43, 45. the inverse fast Fourier transform cir- 
cuit 48. and the transmission circuit 49 are provided so 
that the siA-carriers having the high priority data DH3 ss 
superimposed and the sut>carriers having the low prior- 
ity data DL3 superimposed are positioned alternately to 
be transmitted. However, this invention is not limited to 



this, tHJt in a transmitter for transmitting tiie high priority 
data and low priority data at the same time using a plu- 
rality of sub-carriers, the transmitting means for trans- 
mitting the transmission signal, in which the sub-carriers 
having the high priority data superimposed and the sub- 
carriers having the low priority data superimposed are 
positioned alternately, is provided so that the same 
effect as tiie case described above can be obtained. 

Further, the embodiment described above has 
been dealt with the case where the reception circuit 62 
and the first and second demodulating units 63 and 64 
are provided to receive the transmission signal S21 
transmitted from tiie transmitter 40 and decode the high 
priority data DH4 and the low priority data DL4. How- 
ever, this invention is not limited to this. In a receiver for 
receiving the transmission signal transmitted from the 
transmitter which transmits the high priority data and 
tow priority data at tiie same time using a plurality of 
sub-carriers, there provides: receiving means for obtain- 
ing the reception symbol stream in which the symbols 
are lined on the frequency axis by performing a recep- 
tion processing on the transmission signal in which the 
sub-carriers having the high priority data superimposed 
and the sub-carriers having the low priority data super- 
imposed are positioned alternately; first demodulating 
means for decoding tiie high priority data by adding tiie 
delayed symkx)l stream being the reception symbol 
stream delayed for a predetermined time to the recep- 
tion symbol stream and extracting the signal compo- 
nents relating to the high priority data; and second 
demodulating means for obtaining the symbol stream in 
which the symbols are lined on the time axis by perform- 
ing the Fourier transform processing on the reception 
symbol stream, and for decoding the low priority data by 
extracting the symtx)ls of the low priority data from the 
symbol stream. Thereby, the same effect as the case 
described above can be obtained according to this 
invention. 

In other words, the transmission signal in which the 
sub-carriers having the high priority data superimposed 
and the sub-carriers having the low priority data super- 
imposed are positioned alternately is transmitted. At the 
receiving side, a predetermined reception processing is 
performed on the transmission signal to obtain the 
reception symbol sti^eam in which symbols are lined on 
the frequency axis. The delayed symbol stream which is 
the reception symbol stream delayed for a predeter- 
mined time is added to the reception symtx)l sti^eam to 
extract the signal components relating to the high prior- 
ity data, so that the high priority data is decoded. At the 
same time, the Fourier transform processing is per- 
formed on the reception symbol stream to obtain the 
symbol stream in which symbols are lined on tiie time 
axis, and the symbols of the low priority data are 
extracted from the symtx)l sti^eam so that the low priority 
data is decoded. Thereby, the same effect as the case 
described above can be obtained. 

Further, tiie embodiment described atx)ve has 
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been dealt with the case where this invention is applied 
to the portabte telephone system. However, this inven- 
tion is not limited to this, but is applicable to other cellu- 
lar radio communication system such as automobile 
telephone system to obtain the same effect as the case 
described above. In short, in a cellular radio communi- 
cation system in which a predetermined area is divided 
into cells of desired size, a base station is provided in 
each cell, arxl a mobile station radio-communicates with 
the base station within the cell where the mobile station 
exists, the mobile station transmits the transmission sig- 
nal, in which the sub-carriers on which a message data 
is superimposed and the sut>-carriers on which a pre- 
amble data representing the existence and attribute of 
the message data is superimposed are positioned alter- 
nately, via a random access channel. The base station 
performs a predetermined reception processing on the 
transmission signal to obtain the reception symbol 
stream that symbols are lined on the frequency axis, 
and adds the delayed symbol stream being the recep- 
tion synnbol stream delayed for a predetermined time to 
the reception symbol stream, so that the signal compo- 
nents relating to the preamble data are extracted. The 
preamble data is detected based on the signal compo- 
nent to confirm the existence and attribute of the mes- 
sage data. Then, the Fourier transform processing is 
performed on the reception symbol stream to obtain the 
symbol stream that symbols are lined on the time axis. 
The symbols of the message data are extracted from 
the symbol stream to decode the message data. 
Thereby, the same effect as the case described above 
can be obtained. 

Besides, in a cellular radio communication system 
in which a predetermined area is divided into cells of 
desired size, a base station is provided in each cell, and 
a nnobile station radio-communicates with the base sta- 
tion within the cell where the mobile station exists, the 
base station transmits the transmission signal, in which 
the sub-carriers having message data superimposed 
and the sub-carriers having preamble data representing 
the existence and attribute of the message data super- 
imposed are positioned alternately, via an initial supple- 
mentation channel. The mobile station performs a 
predetermined reception processing on the transmis- 
sion signal to obtain tiie reception symbol stream that 
symbols are lined on the frequency axis, and adds the 
delayed symbol stream being the reception symbol 
stream delayed for a predetermined time to the recep- 
tion symbol stream, so that the signal conrtponents relat- 
ing to the preamk}le data are extracted. The preamble 
data is detected teased on the signal components to 
confirm the existence and attribute of the message 
data. Then, the Fourier transform processing is per- 
formed on the reception symbol stream to obtain the 
symbol stream that symbols are lined on the time axis. 
The symbols of the message data are extracted from 
the symbol stream to decode the message data. 
Thereby, the same effect as the case described above 



can be obtained. 

As stated above, according to this invention, the 
sub-carriers on which high priority data is superinposed 
and the sub-carriers on which low priority data is super- 

5 imposed are positioned alternately to be transmitted. At 
the receiving side, the reception symbol stream in which 
symtx}ls are lined on the frequency axis is obtained by 
performing a predetermined reception processing. The 
delayed symbol stream which is the reception symbol 

to stream d elayed for a predetermined time is added to the 
reception symbol stream to extract the signal compo- 
nent relating to the high priority data, so that the high 
priority data is decoded. Thus, the high priority data can 
be decoded pronoptly with a simple configuration, and 

15 the processing in accordance with the priority can be 
performed with a simple configuration even if the high 
priority data and the low priority data are transmitted at 
the same time by the multi-carrier method. 

Furthermore, in a cellular radio communication sys- 

20 tem. the sub-carriers on which a message data is 
superimposed and the sub-carriers on which a pream- 
ble data representing the existence an6 attribute of the 
message data is superimposed are positioned alter- 
nately to be transmitted. At the receiving side, the 

25 reception symbol stream in which symbols are lined on 
tiie frequency axis is obtained by performing a predeter- 
mined reception processing. The delayed symbol 
stream which is the reception symbol stream delayed 
for a predetermined time is added to the reception sym- 

30 bot stream to extract the signal components relating to 
the preamble data. The preamble data is detected 
based on the signal component to confirm the existence 
and atti'ibute of the message data. Then, the Fourier 
transform processing is performed on the reception 

35 symbol stream to obtain the symlx>l stream in which 
synnbols are lined on the time axis. The symbols of tiie 
message data are extracted from the symbol stream to 
decode the message data. Thereby, the preamble data 
can be detected promptiy with a simple configuration. 

40 arvJ the processing in accordance with the priority can 
be performed with a simple configuration even if the pre- 
amble data and the message data are transmitted at the 
same time by the multi -carrier method. 

While there has been described in connection with 

45 the preferred emtxxiiments of the invention, it will be 
obvious to those skilled in the art that various changes 
and modifications may be aimed, ttierefore, to cover in 
the appended claims all such changes and modifica- 
tions as fall within the true spirit and scope of the inven- 

50 tion. 

Claims 

1 . A communication method for transmitting a high pri- 
55 ority data and a low priority data at the same time 
using a plurality of sub-carriers, said communica- 
tion method conprising the steps of: 
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sage data, and said high prrorrty data is a pre- 
amble data representing the existence and 
attribute of said message data. 

5 6. A receiver for receiving a transmission signal trans- 
mitted from a transmitter (40) which transmits a 
high priority data and a low priority data at the same 
time using a plurality of sub-carriers, said receiver 
comprising: 

10 

receiving means (60) for obtaining a reception 
symbol stream which is the alignment of sym- 
bols on the frequency axis, by performing a 
predetermined reception processing on said 

15 transmission signal composed of said sub-car- 

riers on which said high priority data is super- 
imposed and said sub-carriers on which said 
low priority data is superimposed, said sub-car- 
riers which are positioned alternately; 

20 first demodulating means (63) for extracting the 

signal components relating to said high priority 
data by adding (66) a delayed symbol stream 
which is said reception symkx}l stream delayed 
(65) for a predetermined time to said reception 

25 symbol stream so that said high priority data is 

decoded; and 

second demodulating means (64) for perform- 
ing the Fourier transform processing (70) on 
said symbol stream to obtain a symbol stream 
30 which is the alignment of symbols on the time 

axis, and for extracting the symbols of said low 
priority data from said symbol stream so that 
said low priority data is decoded. 

35 7. The receiver according to claim 6, wherein: 

said low priority data is a predetermined mes- 
sage data, and said high priority data is a pre- 
amble data representing the existence and 

40 attribute of said message data; and 

said preamble data is decoded by said first 
demodulating means to detect the existence 
and attribute of said message data, thereafter, 
said message data is decoded by said second 

45 demodulating means. 



transmitting (49) a transmission signal com- 
posed of said sub-carriers on which said high 
priority data is superimposed and said sub-car- 
riers on which said low priority data is superim- 
posed, said sub-carriers which are positioned 
alternately; and 

at the receiving side (62), performing a prede- 
termined reception processing (60) on said 
transmission signal to obtain a reception sym- 
bol stream which is the alignment of symbols 
on the frequency axis, and extracting the signal 
conrtponents relating to said high priority data 
by adding a delayed symbol stream which is 
said reception symbol stream delayed (47A) for 
a predetermined time to said reception symbol 
stream so that said high priority data is 
decoded; and performing the Fourier transform 
processing (70) on said symbol stream to 
obtain a symbol stream which is the alignment 
of symbols on the time axis, and extracting the 
symtx)ls of said low priority data from said sym- 
bol stream so that said low priority data is 
decoded. 

2. The communication method according to claim 1, 
wherein: 

said low priority data is a predetermined mes- 
sage data, and said high priority data is a pre- 
amble data represeming the existence and 
attribute of said message data; and 
at the receiving side (62), said preamble data is 
detected based on said signal conponents 
relating to said high priority data to confirm the 
existence and attribute of said message data, 
thereafter, said message data is decoded. 

3. The communication method according to daim 1 or 
2, wherein 

said high priority data is decoded by correlation 
value detection from said signal components 
relating to said high priority data. 

4. A transmitter for transmitting high priority data and 
low priority data at the same time using a plurality of 
sub-carriers, said transmitter (40) comprising 

ti-ansmitting means (49) for transmitting a 
transmission signal composed of said sub-car- 
riers on which said high priority data is super- 
imposed arxJ said sub-carriers on which said 
low priority data is superimposed, said sub-car- 
riers which are positioned alternately. 

5. The transmitter according to claim 4, wherein 

said low priority data is a predetermined mes- 



8. The receiver according to claim 6 or 7, wherein 

said first demodulating means (63) decodes 
50 said high priority data by the correlation value 

detection from the signal conrtponents relating 
to said high priority data. 



9. A cellular radio communication system in which a 
55 base station is provided for each cell that a prede- 
termined area is divided to have a desired size, arxJ 
a mobile station radio-communicates with said 
base station within the cell where said mobile sta- 
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tion exists, said cellular radio communication sys- 
tem wherein: 

said mobile station transmits a transmission 
signal composed of sub-carriers on which a 5 
message data is superimposed and sub-carri- 
ers on which a preamble data representing the 
existence and attribute of said message data is 
superimposed, said sub-carriers which are 
positioned alternately, via a random access io 
channel; 

said base station performs a predetermined 
reception processing on said f ansmission sig- 
nal to obtain a reception symbol stream which 
is the alignment of symtx)ls on tiie frequency is 
axis, and extracts the signal components relat- 
ing to said preamble data by adding the 
delayed symbol stream which is said reception 
symbol stream delayed for a predetermined 
time to said reception symbol stream so that 20 
said preamble data is detected based on said 
signal components; and 
after the existence and attribute of said mes- 
sage data are confirmed by the detection of 
said preamble data, the Fourier transform 2S 
processing is performed on said reception 
symbol stream to obtain a symbol stream 
which is the alignment of symbols on the time 
axis, and the symbols of said message data 
are extracted from said symbol stream so that so 
said message data is decoded. 

. A cellular radio communication system in which a 
base station is provided for each cell that a prede- 
termined area is divided to have a desired size, and 35 
a mobile station radio-communicates with said 
base station within the ceil where said mobile sta- 
tion exists, said cellular radio communication sys- 
tem wherein: 

40 

said base station transmits a transmission sig- 
nal composed of sub-carriers on which a mes- 
sage data is superimposed and sub-carriers on 
which a preamble data representing the exist- 
ence and atti-ibute of said message data is 45 
superimposed, said sub-carriers which are 
positioned alternately, via an initial supplemen- 
tation channel; 

said mobile station performs a predetermined 
reception processing on said transmission sig- so 
nal to obtain a reception symbol stream which 
Is the alignment of symt>ols on the frequency 
axis, and extracts the signal components relat- 
ing to said preamble data by adding the 
delayed symtwl stream which is said reception . ss 
symbol stream delayed for a predetermined 
time to said reception symfcx)l stream so that 
said preamble data is detected based on said 



signal components; and 
after the existence and attribute of said mes- 
sage data are confirmed by the detection of 
said preamble data, the Fourier transform 
processing is performed on said reception 
symbol stream to obtain a symbol stream 
which is the alignment of symbols on the time 
axis, and the symbols of said message data 
are extracted from said symbol stream so tiiat 
said message data is decoded. 
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